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(57) A signal/vibration detecting technique employs 
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many and carry out a bidirectional conversation through 
the target optical fiber. 

First ends of optical fibers (202A, 202B), one of 
which is a target optical fiber, are connected to an optical 
transceiver (201 ). Second ends of the optical fibers are 
connected to each other to form a loop. A local unit (203) 



is installed at the loop. The local unit vibrates the loop, 
and the optical transceiver emits lights so that the lights 
are oppositely propagated through the loop. The prop- 
agated lights are coupled together so that they interfere 
with each other. In the intensity of the interfering lights, 
a change correspo/iding to the vibration is detected to 
identify the target optical fiber. Once the target optical 
fiber is identified, it is'used to carry out a conversation 
between the optical transceiver and the local unit. 
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(54) Apparatus for and method to detect vibrations using optical interference In an optical fiber 
loop 

(57) A signalA^ibration detecting technique employs 
a simple structure to identify a target optical f ber among 
many and carry out a bidirectional conversation through 
the target optical fiber. 

Rrst ends of optical fibers (202A. 202B). one of 
which is a target optical f ber, are connected to an opti- 
cal transceiver (201). Second ends of the optical fibers 
are connected to each other to form a loop. A focal unit 
(203) is installed at the loop. The focal unit vitirates the 
loop, and the optical transceiver emits lights so that the 
lights are oppositely propagated through the loop. The 
propagated lights are coupled together so that they 
interfere with each other. In the intensity of the interfer- 
ing lights, a change corresponding to the vibration is 
detected to identify the target optical f ber. Once the tar- 
get optical fiber is identified, it is used to carry out a con- 
versation between the optical transceiver and the local 
unit. 
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Description 

Background of the Invention 

1. Field of the Invention 

rOOOIl The present invention relates to a signalA/ibration detecting technique employing optical interference. The 
technkiue emits lights into open ends of a loop made of a plurality of optical fbers so that the lights are propagated 
clockwise and counterclockwise, respectively, through the loop, couples the propagated lights together so that they 
interfere with each other, and detects a physical change such as vibration applied to the loop by observing a change in 

SSS^"S'e*2rlstJiriSerltio^^^ to a technique of applying the signalA/ibration detecting technique to identify 

a taraet optical fber cable among many during, for example. caWe changing and removing wori^. , 
roOOSl The present invention also relates to a technique of applying the signalA/ibration detecting technique to identify 
a target optiral fiber among optical fibers contained in a cable and use the identified target optical fiber to can-y out a 
conversation without cutting the optical fiber. 

2. Description of tlie Prior Art 

[0004] various sensors and detectors that use optical interference caused on optical fibers and lasers have been pro- 
posed For example, a IWtech-Zhehnder interferometer emits a laser light from a light source, spite the laser lightinto 
so that the two split lights pass through two optical paths, couples the lights so that they interfere wrth each other. 

and detects a phase shift between the lights according to a change in interference fr'nges^ 

[0005] This technique is applicable to provide a simple structure cons«ting of a laser and a loop made of a plurality 

of optical f iaers to detect a physical change such as vibration applied to the loop. » 

[0006] The technique is also applicable to identify a target optical f ber cable among many, or identrfy a target optical 

fiber among optical fibers contained in a cable and carry out a conversation through the target optcal fiber. 

[0007] This technique is applicable to changing and removing work of optical fber cables in a telephone tunnel or a 

Lnhile. During such work, the technique is used to identify a target optical fiber cable among "^^^^^^ 

erroneous cables may not be cut. When changing an optical fiber to another in a given cable, the technique is used to 

identify the target optical fiber among many optical fibers contained in the cable. .ur^^„ir «««« 

10008] To identify a target optical fiber cable, a prior art emits a light into an end of the cable, app .es ultrasonic waves 

to the cable, monitors polarization of the light propagated through the cable influenced by the ultrasonic waves, and 

f SSSl^AiotS'prior art emits a light from a light source and splits it into two by an optical '^"P'^^^f ,f "J* "^^^f^ 
marie incident to two different optical fibers contained in a target optical fiber cable. The spirt lighte are propagated 
through the optical f ibere. are coupled together by an optical coupler at the other end of the cable, and are received by 
a phcSoKlelector. Vibration is applied to the cable. The vibration causes stress on the cable to c^«nge «^^^ 
optical paths through which the split lights are propagated. This changes a phase ^rfferenw and polanzaton p^ane 

) between ttie propagated lights, thereby changing the intensity of interference of the coupled lights at the erid of the 
cable. According to this change, the cable is identified even if it is laid among many cables. 
1001 01 These prior arts are applicable to identify a target optical fiber among opbcal fibers contained n a cable. 
Soil T^^prior a^s menticSSd above must change polarization planes to identrty a target optical fber cable or a 
target optical ftoer. If there is an outside factor to change polarization planes, the prior arts are unable to <»"«cfly ;den- 

5 %ftetogetcableorfber.Asaresult.lhepriorartsachieveonlyapoorprobabili^ 

or fiber. This probability will further deteriorates depending on the material of a target cable or fiber. In additon. the pnor 

rowir^The^ior aTte*J^h^ction when the difference between the lengths of two optical fibers for propagating lights 
exceeds a coherent length. The prior arts need an additional optical coupler be installed at ^J^^j;'^'^^^^^; 

0 and if lights propagated through two optical fibers in the cable are polarized orthogonally, do not wort, because no inter- 
ference occurs between the propagated lights. . _^ a eimnio inw-cost 
[001 3] On the other hand, the signalAflbration detecting technique of the present invention employs a simple, low-cost 
structure to surely identify a target optical fiber cable or a target optical fber. .^^^h,™* 
[0014] A target optical fiber identified according to any one of the techniques mentioned above can be used wittiout 

IS being cut to carry out a conversation between distant work sites during caUeffiber changing and removing work 
[001 51 To achieve such conversation, a prior art bends tiie target optical fber to cause a toss. Ganges tiier^^ 
the bend, and uses brightness modulation due to the radius change. Anotiier prior art distorts the optical fiber and uses 
a change in polarization of tiie optical f iber due to the distoartion. 
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[001 61 The prior art using brightness modulation applies vibration with, for example, a speaker to the optical fiber to 
change the radius of the bend formed on the optical fiber. The change in the radius changes a loss to change bright- 
ness, thereby modulating a light passed through the optical fiber. This technique is en^toyed by an optical conversation 
method disclosed in Japanese Unexamined Patent Ptirfication No. 4-368029 and by an optical fiber bend setting 
method for an optical fiber conversation apparatus disclosed in Japanese Unexamined Patent Publication No 5- 
264909. 

[0017] Japanese Unexamined Patent Publication No. 7-38502 discloses an optical fiber conversation apparatus that 
makes lights enter into and exit from the side of an optical fiber. A transmitter emits a light from a light source modulates 
the brightness of the light, and makes the light incident to a bend of the optical f ber. A receiver converts leakage lights 
from a bend of the optical fiber into an electi^ic signal. 

10018] The technique of the Japanese Unexamined Patent Publication No. 4-368029 vibrates a bend of an optical 
fiber to change the brightiiess of a light, thereby modulating the light. The degree of modulation of this technique is 9%, 
which is very low. and therefore, must be compensated. In addition, vibrating an optical fber needs a complicated 
mechanism to increase the size and cost of the technique. 

[001 9] The technique of the Japanese Unexamined Patent Publication No. 7-38502 makes a light enter into and exit 
from the side of an optical fiber, to cause large optical coupling losses. As a result this technique is unable to realize a 
large dynamic range and clear conversation. 

[0020] The technique of changing polarization planes by ultrasonic waves is unable to secure a conversation if exter- 
nal factors make the polarization planes orthogonal to each other. 

[0021] On the other hand, the signal/vibration detecting technique of the present invention employs a siirple, Inex- 
pensive structure to improve the degree of modulation and reduce mechanical load on an optical fiber that is used for 
conversation. 

Summary of the Invention 

[0022] An object of the present invention is to provide a signalAnbration detecting technique errploying optical inter- 
ference and a simple structure made of a laser and a loop of a plurality of optical fbers. 

[0023] Another object of the present invention is to provide a technique of identifying a tai^et optical fber cable among 
many with the use of the signalAnbration detecting technique errfjloying optical interference and a sirmle. inexpensive 
apparatus. ^ 
[0024] Still another object of the present invention is to provide a technque of identifying a target optical fber among 
many and using the identified optical fiber to carry out a conversation at an improved degree of modulation and reduced 
load on the optical fber. with the use of the signal/vibration detecting technique. 

[0025] in order to accomplish the objects, a first aspect of the present invention provides an apparatus for detecting 
a signal based on optical interference, having a light source, a photo-detector, a loop made of a plurality of optical fbers 
and having open ends, and a splitter-coupler connected to the open ends of the loop. The light source emits a light 
which IS split by the splitter-coupler. The spirt lights are made incident to the open ends of the loop, respectively, so that 
the split lights are oppositely propagated ttirough the loop. The oppositely propagated lights are coupled by the splitter- 
coupler so that they interfere with each ottier. The interfering lights are converted by the photo-detector into a signal that 
indicates the intensity of the irtterfering lights and is responsive to a change in the phase difference between the lights. 
[0026] According to the signal from the photcKletector. the first aspect detects a physical change applied to tiie loop 
and changed the phase difference between the oppositely propagated lights. 

[0027] A second aspect of the present invention provides a metiiod of detecting a signal based on optical interference, 
including ttie steps of emitting a light from a light source, splitting the light by a splitter-coupler, making the split lights 
incident to open ends of a loop made of a plurality of optical fbers so that tiie split lights are oppositely propagated 
through the loop, coupling the propagated lights by the splitter-coupler so that they interfere with each other, converting 
the interfering lights by a photoKletector into a signal that indicates tiie intensity of the interfering lights and is respon- 
sive to a change in the phase difference between the lights, and detecting, according to ttie signal from the photo-detec- 
tor, a physical change applied to the loop and changed the phase difference between the lights. 
[0028] A third aspect of the present invention adds, to the method of the second aspect, the step of inserting a delay 
unit in tiie loop or between the loop and ttie splitter-coupler, to delay ttie lights propagated ttirough the loop. 
[0029] Even if being applied to ttie midpoint of ttie loop, ttie physical change surely causes, due to ttie delay unit a 
phase difference between ttie lights oppositely propagated through ttie loop, and ttierefore. is surely detectable accord- 
ing to the signal provided by the photo-detector. 

[0030] A fourtti aspect of the present invention provides an apparatus for detecting vibration based on optical inter- 
ference, having a light source, a photo-detector, a loop made of a plurality of optical fibers and having open ends, and 
a splitter-coupler connected to ttie open ends of ttie loop. The light source emits a light, which is split by ttie spiitter- 
coupler. The split lights are made incident to the open ends of ttie loop, respectively, so that ttie split lights are oppo- 
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SS'lt '"-Il'Z, to «» signal from ^ ph*^e.ec,<., me tourm aspect de.ec« a phy^ change. I.e.. v*ra«on 
2Sii»^,ocplx< Changed me Phase dl«e,er«beN«enm^ 

P0321 A«(maspe«o(mepr.s««,n^n.onp^^^ miSng me epB. Iigh« 

incWing me ateps of «n«.nga '^'T'^^JZl^^^ Ja^l'e^i, lights are cppdsltely propagated 
Incident to open ends of a loop made of a '^"'ZT.J^'J^^^^.^^ ^a, t,e, interfere «ith each omer. 
through me loop. «^X'T''tl^^^lTtZ^^S^^^-^'» « 

^hS^'j::,r,4J«on'app.l«.S^me.«p»-*angedm^ 

sTi^^tteirmnrrmrjrCe^r^^^ 
srncere:r;?er"or;:.rs^-^^^^ 

^SS'^r.r^^jrepres^^.e*^^ 

toop. we lighl source emits a light. The fP'^^;:"*''' JT!^'",^'!?^^ lip. receives 

^e open ends Of the loop, respectively, so mat '^"P'" '^"T'^^^^ otlSf. andluppHes me 

5^s,r^rm'e^i^^es^«f^-^^^^ 
" :s?s5z^rrsZr^rroo=;^^ 

loop. The light source errte a light, wli* "J'^'-^^rX, ^"fglTfre .S«sl»ely propagated 
me split lights incident to me open ends ^ Uiey interfere WUh each 

^'^ri'r=r:';;^^^sn?s«^ 

cable that contains at least a part of the loop. „^«4,«= far identifvino a target optical fiber cable among 

10037] Aninthaspecto.thepresem.nv^npr«^^ 
40 many, having an optical trafjsce.ver ^^J^^^^JJ^^J^^ emitting a light, a splitter-coupler for split- 
unit for applying vibration to loop. The o^^^^ ^^5L^<^reLS^ely. so that the lights are oppositely 
ting the light. maWng J.e split lights '"^^-^^^^^^X^^.^ ^^pZ Ihe received lights so that they 

=rrhTe;.^a^^^^^ 
- t^ritxr^^a^^^^^^ 

least a part of the loop. ^ r^oeani ii*#aniion nicks ud a plurality of optical fbers In a target 

S..:S'<^erat^re^re,nT^^::;^r^aS^^^^ Bach 

brs^c^s^rx^^pr^^^^rr^^^^^^ 

« ?SSrS,S:m"t;SClocalun.ap^lesaphyslcalchange.whlch,,», 

ID optical fb- cables Including me target cable one "T"*;"; ^„.,.„^er into an electric signal that indicates 
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I^' T^'^^^ ^'^^ *° ^'^'"s at least a part of the loop, the signal 

^^Tfl^r'SlT"' ^ '"IL^"^^ corresponding to the physical change. As a result, one can idert^ the t^get 
opncai fiber cable among many cat)les. '"yi 

5 ^^innf Jnn I^T'^ ^'^^"^ ^ ""^^^"^ °^ identifying a target optical fiber cable among 

'"^y- "^"d.ng the steps of connecting each end of a plurality of optical fibers to each other to form a loop having tw? 

SLn of i,^^^ the ^ by a splrtter-coupler of the optical transceiver, making the split lights incident toTe 
open ends of loop rejectvely so that the split lights are oppositely propagated through the loop, coupling the 
oppositely propagated lights so that they interfere with each other, converting the interfering Sghts by VphotoKlettTo^ 

Zafr^Ztr^^^ ^''^ ^'a'^' « P»^y^'<»' change^lied to fte 

target optical fiber cable that contains at least a part of the loop. a 

I^^in^^'^n^^ °^ ^ identifying a target optical f ber cable among 

s ^Tn i^. ^ ^ t^"?^'"^ each end Of a plurality of optical fibers to each other to form a loop having tw? 
5 open ends, connecting an optcal transceiver to the open ends of the loop, emitting a light from a light'source of the opti- 
ZT^rJinf^'^^ ISf "7 " ^ transceiver^'makrng the split'lights iiSdenf toTe 

open ends of loop r^ectvely. so that the split lights are oppositely propagated through the loop, coupling the 

o fhln H ^.^'^'^ ^3"*' °* '"^erferi^S «9hts and is responsive to a 

h ?T f^'"""^ "S^* S'9"al. Vibration applieJ^the^grt 

optcal fiber cable that contains at least a part of the loop. luiiowiasi 

f^i 1^ the present invention adds, to any one of the tenth and eleventh aspects, the step of insert- 

lU^ugh l^eC'" °' ^"^ *° ^^'^y ^« "9^ oppositely propagated 

' !!JIfi k!!!" " ^ iS?""* *° *® °* P^'<^ ^^^9« °^ ^bration surely causes a phase dif- 

LgnS^S^?^o!3SS<T'^*^^^ "'"^'"''^ '""'^ '^^^ ^^'"a ^ 
SS!V«^n!l °* "'"^^ ^ apparatus for identifying a target optical f ber among 

. Sr^uT Sr^* ^ P»^,<*«ietector. a loop made of a plurality of optcal fibers and having open ends, and a 
miJr^Zr . I S^^J^^TT •ti:!'^""^"^ '° "^^ P^oto-detector. and the open ends of the loop 

pler spirts the light, makes the spirt lights incident to the open ends of the loop, respectively, so that the spW lights are 

^"""''^ P^°P«9ated lightTWles the receivedl^hts so 

SfL^nnT^^^T nT TJi-^"^ *° photOKletector. The photo<letector (inverts the 

nterfenng lightemto an electric signal that indicates the intensity of the interfering lights and is responsive to a change 

chfngr^N^ toTcS.' """^ "^"^'"^ '° ^"^""'^ aspXetects 

[0047] A fourteenth aspect of the present invention provides an apparatus for identifying a target optical fiber amona 
many, havng a Irght source, a photo^etector. a loop made of a plurality of optical fibers and taving^n 
^i?^':^. ^ ' ^"««^-<=°"P'e^ « connected to the light source, the photo<letector. and the oplnends of the loop 
T J^^^y T"" u "S"^' «??.'^j2""^'"9 the target optical ftoer. The light source emits a liSht The splilto^ 
pier sp rts the light, makes the split lights incident to the open ends of the loop, respectively, so t/»t the spfit lights are 

they interfere wrth each other, and supplies the interfering lights to the photo^etector. The photo^etector inverts the 
.nterfenng lighte mto an electric signal that indicates the intensity of the interfering lights anSfe resS to?^^e 
^iL'to theC"°^ " '^"""^ *° ^""^ a^TetecS vSn 

[0048] A fifteenth aspect of the present invention provides an apparatus for identifying a target optical fiber amona 

Z'olu^'il^rnrTlS"^'^:!: '"1" "^"^ "^"^ conn3l to open eT^ X Ze 

Of a pluralrty of optical fibers including the target optical fiber. The local unit applies vibration to the loop. ThToptical 

to .:!;!n^^ T*^ ^ ^ ^P'^^^-^^P^^^ ^««ing the nght. making the split Hghls inSem 

S,^^.! t^l S*" ^ "9WS are oppositely propagated tfirough the loop, receiving the 

oppositely propagated lights, and coupling the received lights so that they interfere witti each otiier anda photo<Jetec- 
tor tor converting the interfering lights into an electric signal. The electric signal indicates the intensity of the interfering 

;s^rsuJ^?dT:■^the*ta^?«x^^^ 

f iiST ■ thirteenth to fifteenth aspects of the present invention picks up a target optical fiber and another 

optcal fiber in a given cable, connects one ends of the picked-up optical f bers to each other through an optical connec- 
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,„ .0 torm a loop having ^ cpen «x.s. The ngh, source «m,s a J^f .^''^^'J^J'^t^Sy 

ichK WhSnSrSurtt apcte. the physical change to the target optical fiber, the signal from the photo^Jetec- 

is responsive to a change in the phase difference between the lights, and detecting in the electric signal a pnysicai 

° ISSf "^.^b-na app.ed to the mi4>cint of the loop, the physical change or '^^'l" ^^^^f^'^ Z 
S ^J!^^op^P^^ *«-9h the loop, and therefore, is surely detectable according to the 

„ caltranscel.«oonneo«too^ 

a local unit »*'!^.J^°J^^^^^toting the light from the light source accorting to the el«*ic sig- 

rrt^rsrr^.^^-^^^ 

tor for convertng the interfering lights into an eiecmc sgntu. «.« . . , . K«ndina the Icjoo a second photo<letec- 
fromthefirstphotoKJetectorimoavolcesignaLJie local lmrt^^^^ 

" SllSe'T^XSTncllS^rSeT^^ 
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through the loop once the target optical fiber that forms a part of the loop is identified. 

[0060] A twentieth aspect of the present invention structures the apparatus of the nineteenth aspect such that the 
driver of the optical transceiver FM-modulates a light from the light source, the first voice unit of the optical transceiver 
AM-demodulates a signal from the first photo-detector into a voice signal, and the second voice unit of the local unit FM- 
demodulates a signal from the second photo-detector into a voice signal. 

[0061 1 The twentieth aspect differently modulates and demodulates a signal from the optical transceiver to the local 
unit and a signal from the local unit to the optical transceiver so that each of the optical transceiver and local unit can 
clearly reproduce a voice signal sent from the opposite party without crosstalk. 

[0062] A twenty-first aspect of the present invention provides an optical fiber communication method including the 
steps of connecting each end of a plurality of optical fibers to each other through an optical connector to form a loop 
having two open ends, connecting an optical transceiver to the open ends of the loop, attaching a local unit to the loop 
between the optical transceiver and the optical connector, and carrying out optical-transceiver steps and local-unit 
steps. The optical-transceiver steps include emitting a light from a light source, converting a voice into an electric signal 
by a first microphone, modulating the light from the light source by a driver according to the electric signal from the first 
microphone, splitting the light from the light source by a splitter-coupler, making the split lights incident to the open ends 
of the loop, respectively, so that the split lights are oppositely propagated through the loop, coupling the oppositely prop- 
agated lights by the splitter-ooupler so that they interfere with each other, converting the interfering lights into an electric 
signal by a first photo^Jetector, and demodulating the electric signal into a voice signal by a first voice unit. The local- 
unit steps include bending the loop, receiving leakage lights from the bend by a second photo-detector, converting the 
leakage lights by the second photo-detector into an electric signal, denwdulating the electric signal into a voice signal 
by a second voice unit, converting a voice into an electric signal by a second microphone, and vibrating the loop by a 
vibrator according to the electric signal from the second microphone, thereby carrying out a conversation between the 
optical transceiver and the local unit 

[0063] A twenty-second aspect of the present invention adds, to the twenty-first aspect, the step of inserting a delay 
unit in the loop or between the loop and the optical transceiver, to delay the lights propagated through the loop. 
[0064] Even if the second vrark point is at the midpoint of the optical-fiber loop, the twenty-second aspect surely 
causes a phase difference between the lights oppositely propagated through the loop and surely detects a signal 
applied to the loop by the local unit, according to the signal from the first photo-detector. 

[0065] A twenty-third aspect of the present invention adds, to any one of the twenty-first and twenty-second aspects, 
the steps of FM-modulating a light from the light source by the driver of the optical transceiver. AM -demodulating a sig- 
nal from the first photo-detector into a voice signal by the first voice unit of the optical transceiver, and FM-demodulating 
a signal from the second photo-detector into a voice signal by the second voice unit of the local unit 
[0066] This aspect employs different modulation techniques for a signal from the optical transceiver to the local unit 
and for a signal from the local unit to the optical transceiver, so that each of the optical transceiver and local unit may 
clearly reproduce voice from a signal sent from the opposite party without crosstalk. 

[0067] Other and further objects and features of the present invention will become obvious upon an understanding of 
the illustrative emtxxliments about to be described in connection with the accompanying drawings or will be indicated 
in the appended claims, and various advantages not referred to herein will occur to one skilled in the art upon employing 
of the invention in practice. 

Brief Description of the Drawings 

[0068] 

Rgure 1 is a block diagram showing an apparatus for detecting a signal/vbration based on optical interference 
according to an embodiment of the present invention; 

Rgs. 2A to 2D are waveform diagrams showing various signals in the apparatus of Fig. 1; 
Fig. 3 is a t)lock diagram showing a use of the apparatus of Fig. 1 ; 

Figs. 4A and 4B are waveform diagrams showing a vbration signal and phase shifts caused in propagated lights 
by the vft>rat>on signal according to the embodiment of Fig. 1 : 

Rgs. 5A to SC are waveform diagrams showing output signals of a photo-detector of the apparatus of Rg. 1 that 
change in response to applied vibration; 

Rg. 6 is a block diagram showing an apparatus for detecting a signal/vibration based on optical interference 
according to another embodiment of the present invention: 

Rg. 7 is a block diagram showing an apparatus for detecting a signal/vibration based on optical interference 
according to still another emkxxliment of the present invention; 

Fig. 8 is a block diagram showing a test model of an apparatus for detecting a signalAnbration based on optical 
interference according to the present invention; 
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Fig. 9 is a block diagram showing another test model of an apparatus for detecting a signalA^ibration based on opti- 
cal interference according to the present invention; 

Fig. 1 0 is a block diagram showing an apparatus for identifying a target optical fiber cable according to stall another 
embodiment of the present invention; 

Fig 1 lis a block diagram showing an optical transceiver applicable to the apparatus of Fig. 10; 

Fig. 1 2 is a block diagram showing an apparatus for identifying a target optical fiber cable according to still another 

embodiment of the present invention; 

Fig 13 is a block diagram showing an optical transceiver applicable to the apparatuses of Figs^ 10 and 12. 

Fig. 14 is a block diagram showing an apparatus for identifying a target optical fiber according to still another 

embodiment of the present invention; ^ , ^-^ ^ „ =««»har 

Fig. 15 is a block diagram showing an apparatus tor identifying a target optacal fiber according to still another 

embodiment of the present invention; ^a^^ik- 

Fig 16 is a block diagram showing an optical ft^nsceiver applicable to the apparatuses of Figs. 1 4 and 15. 

Fig. 17 is a block diagram showing an optical transceiver having a communication function applicable to the appa- 

Ra*i^ tea SLk dtegram'showi a local unit having a communication function applicable to the apparatuses of 

piriS^is a^jkxik diagram showing a local unit having a communication function applicable to the apparatuses of 

Rg^o'is^ block diagram showing an optical transceiver having a communication function applicable to the appa- 

Ra zTis a^'w^ dteSal^'showing a local unit having a communication function applicable to the apparatuses of 
Figs. 14 and 15. 

nflftaiied Desn ription of the Embodiments 

[00691 Various en*odiments of the present invention will be described with reference to the accompanyirig drawing 
It is to be noted that the same or similar reference numerals are applied to the same ^^'J^^'T^^^ 
throughout the drawings, and the description of the same or similar parts and ^1 
the sake of simplicity, each light source is DC-modulated if not specifically mentoned. and each splitter-coupler has 

eaual splitting and coupling efficiencies. , ^ ,• 

roOTOl Rgure 1 shows an apparatus for detecting a signal/vibration based on optical inteilerence accading to an 
embodimerrt of the present invention. A light source 1 is a laser diode which is excited by a driver 10 and emite a laser 
light, -me light is spirt by a spiitterHX>upler 2. and the split lights are '^^'^^^^'l'?^'^^^^ 
plurality of optical fibers so that the split lights are oppositely propagated through the loop in the 
and count^Sockwise direction B. Hereinafter, the light propagated in the clockwise direction A is r^rred to as^e hgW 
A or wave A. and the light propagated in the counterclockwise direction as the light B or wave B^^ner propagation 
through the loop, the lights A and B are coupled together so that they interfere with each other^The ''^f ^""9 ''Q*?'?'® 
deteSed by aphoto-d^ector (photoKletector) 5 made of a photodlode. The photo^etector 5 converts *e .rte'^""fl 
lights into an electric signal that indicates the intensity of the Interfering lights. The electiic signal is ampMied by an 
annlifier 11, and the amplified signal is provided outside. oaoi,«^ 
KX^ 1 Figures 2A to 2D show phases of the lights A and B oppositely propagated through the loop 3. Rgure 2A shows 
lights A and B just spirt by the splitter-coupler 2 with the splittersx)upler 2 beirig an optical *»^.^^^ ^^^^^ 
cross port of the optical fiber coupler causesaphase shift of n/2totheligM passing there, th^^ 
Seph^ of thenghts A and B. Figure 2B shows waveforms of the lights A and B opposrtely propagated through the 
loop 3 and reached the splrtter-coupler 2. Although the lights A and B are oppositely propagated, the ''e^^s pass ttirough 
iSsame optical path. il. the toop 3. and therefore, they receh^e the same loss and phase changedue to m^^^^ 
bility of lighTAocooJingly. the lights A and B have substantially equal amplrtudes and phases except the P^ase differ- 
ence of Rg. 2A. After ^e opposite propagation, the lights A and B are coupled together by the «P'^«J;<»'S^^ f^^^^ 
they imerfL with each other as Shown in Rg.2C.VVhen the llgWBpa^mroj^^^^ 

2. phase is again shifted by and therefore, the phases of the lights A and B are shifted by ,c m total with respect 

IS^T tthe wavelengtii of the light emitted by the light source 1 is 1.3 Mm. a period there^ is *^-2°„'' "7^,^,^ 
the velocrty of light in vacuum is about 300.000 km/sec. Accordingly, the abscissa of each of Figs. 2A to 2C represents 

fo^^'l'^elXphotl'-^^^^ (photoKietectors) convert only «ie intensity of a light irjto an elecWc signai a^ do 
n^nvert the phase thereof. As a result, the photo^Jetectors provide a constant DC ^^^^^'"^^^^^ 
nal of a light source. When the splitter-coupler 2 is an optical fiber coupler, the lights A and B involve a phase difference 
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of n after they are opposftely propagated through the loop 3. TTierefore. under nearly ideal conditions, the output of the 
. splitter-coupler 2 is as shown in Fig. 2D. 

[0074] Figure 3 is a block diagram showing the apparatus of Fig. i with vibration being applied to a part of the loop 
3. The light source 1 is excited by the driver 10 and emits a light, which is split by the splitter-coupler 2 irrto lights A and 
5 B. The lights A and B are propagated clockwise and counterclockwise, respectively, through the loop 3 and are sub- 
jected to vibration at a vibration point P. The oppositely propagated lights A and 8 are coupled by the splitter-coupler 2 
so that they interfere with each other. The interfering lights are converted by the photo-detector 5 into an electric signal 
that indicates the intensity of the interfering lights. The electric signal is amplified by the amplifier 1 1 and is provided 
outside. 

10 [00751 Changes on the lights A and B due to the vibration will be explained with reference to Figs. 4A and 4B. Figure 
4A shows a waveform V of the vibration applied to the vibration point P of the loop 3. Due to the vibration, the loop 3 
locally contracts and expands to change the length thereof, i.e.. the length of the optical path of the lights A and B. As 
a resutt. the phases of the lights A and B are changed at the vibration point P depending on the amplitude of the vibra- 
tion signal V as shown in Rg. 4B. Since the lights A and 8 are oppositely propagated through the loop 3. they oppositely 

IS receive an equal phase shift due to the change in the length of the optical path. Thereafter, the lights are coupled by the 
splitter-coupler 2 into interfering lights, which are converted by the photo-detector 5 into an electric signal that indicates 
the intensity of the interfering lights. The electric signal is amplified by the anplifier 1 1 and is provided outside. 
[00761 Rgures 5A to 5C show the phases of the lights A and B oppositely propagated through the loop 3. The phases 
of the lights A and B aaiving at the splitter-coupler 2 are shifted from each other as shown in Rg. 5A. The phase shift 

20 con-esponds to a delay time tl that con-esponds to the difference between the distances for which the lights A and B 
travel from the vibration point P to the splitter-cotpler 2. The splitter-coupler 2 couples the received lights A and B into 
Interference waves whose envelope E changes according to the amplitude of the applied vibration, as shown in Rg. SB 
Ught is a wave having a period of about 1 0'^^ sec. and therefore, a change in the intensity of light is expressed with an 
amplitude envelope E in a time span of about lO"* sec. The photo-detector 5 provides an electric signal F whose wave- 

25 form IS substantially equal to the vibration waveform applied to the loop 3. as shown in Rg. SC. If there is no vibration, 
th e pho toKletector S provides an electric signal of neariy zero as shovtm in Rg. 2D. 

[0077] If the difference between the distances tor which the lights A and B must travel from the vibration point P to the 
splitter-coupler 2 is zero, i.e., if the vibration point P is at the midpoint of the loop 3. the lights A and B are vibrated at 
the same time and simultaneously arrive at the splitter-coupler 2. In this case, the phases of the lights A and B are 
30 equally influenced by the vibration, and the phase difference between them (Rg. SA) becomes neariy zero. Then, no 
phase shift is observed in the interfering tights made of the lights A and 8. and therefore, it is innossible to detect the 
vibration. 

[0079} If the vibration signal is of 1 kHz to 1 MHz, a signal period thereof is 10 =^ to 10-« sec. and therefore, the 
abscissa of any one of Rgs. SA to 5C represents a time span of about lO ^ to IQ-^ sec. H the difference between the 
35 distances the lights A and B must travel from the vibration point P to the splitter-coupler 2 is 1 km. the delay time tl is 
about 10"* sec because a group velocity in the optical fiber is about 200,000 km/sec. 

[0079] The apparatus for detecting a signal/vibration based on optical interference of the present invention will be 
explained with mathematical expressions. For the sake of simplicity of explanation, it is assumed that the light source 1 
is a laser diode that emits a DC-modulated light and the splitter-coupler 2 is a 3-dB optical coupler whose splitting and 

40 coupling efficiencies are equal to each other. 

[0080] A light from the light source 1 is split by the splitter-coupler 2 into lights A and B of substantially the same 
power. The lights A and B are oppositely propagated through the loop 3 and are coupled together by the splitter-coupler 
2 into interfering lights. The interfering lights are detected by the photo-detector S. which is a photodiode and provides 
an electric signal representing the intensity of the interfering lights. 

45 [0081 ] Since the lights A and 8 are generated at the same time by the same light source 1 and are oppositely prop- 
agated through the same loop 3. they simultaneously anrive at the splitter-cotpler 2 and are coupled together thereby. 
If no phase shift is applied to the lights A and 8. the lights interfere wrth each other at the same phase in the splitter- 
coupler 2. When a vibrator 6 applies vibration to the vibration point P of the loop 3. the loop 3 locally expands and con- 
tracts, to change the phases of the lights A and 8 at the same period as that of the vibration. 

50 [0082] In Fig. 48. *(t) is a phase shift applied by the vibrator 6 at the vibration point P to the electric field of a light 
propagated through the loop 3. The light A is emitted by the light source 1 at a certain time point and is propagated 
through the loop 3. The phase of an electric f iekj of the light A is shifted by the vibrator 6 at ttie vibration point P at time 
ta. The light 8 is emitted by the light source 1 simultaneously wrth the light A and is opposftely propagated through the 
loop 3. The length of an optical path to the vibration point P far the light B is longer than that for the light A. and therefore 

55 the light 8 arrives the vibration point P temporally behind the light A and the phase of the electric field of the light B is 
shifted by the vibrator 6 at time to. As a resuK. a phase shift ^ta) in the electric field of the light A differs from a phase 
shift 4»(to) in the electric field of the light B due to the difference between ta and to. The difference between ta and to is 
dependent on ttie position of the vtoratfon point P in the loop 3 and corresponds to the difference between the phase 
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S!^r*^^hT^hris of the electric fields of the lights A and B are shifted at the vibration point P; and »;e«9 J^Jj^*'^ 
Bare coupled together by the splitter-coupler 2. Rgure 5A shows the waveforms of the phases of the electnc fields of 

isss^tt^rr^^^^^ 

frequency of nght is ««. and thearrplitudes of theelectric fields of the lights 

couDler 2 are A and B respectively. The lengths of dockwise and counterclockwise optcal paths of the lighte A and B 
ZTth^cS)3a^r«;uroeachi.her.TheHluenceofpo^^^^^^^ 

[0085] ThrelectricfiekJofthelightAphase-shiftedbythevibrator6andarTivedatareceiv.ngfa^ 
tor 5 is expressed as follows: 

Ea(t) = Acos(<Oot + ^(tj) 

[00861 In the splitler-coupler 2. the phases of coupled lights at a cross port are iU2 behind those en^ed lights at 
LWflh poi? Snce thelSht B is paUed through the cross port of the splitter-coupler 2 twice, the electric field of the 
light B is expressed as follows: 

Eb(t) = Bcos(<Oof + ^Ob)^) 

10087] -me photCHletector 5 receives the overlapping of the electric fields of the expressions (1 ) and an 

Sicurrent of ttle^oeived fights is proportional to the power of the lights. Therefore, an oulput current I of the photo- 
detector 5 Is expressed as follows: 

/<r P = IEart; + Ebrt)]* 

= [ACOS(tOot + ^(tj) + BCOS(<OQt + ^(t^-ll)f 

+ 2ABcos(<OQt + ^(tj)cos(<oot + ^(tt)^) 

=^ II + cos2r<Dof + ^(tjn + Y [^+COS^(a^ot + ♦(tb)-«)l 
^.2AB[a}S<Ootcos^(U-sin<aotsin^(tJM(X}Sa>otcos(^(tt^-n)-sin(aQ^^^ 

[0088] This expressfon is developed and rearranged, and a term related to an optical angular velocity that the photo- 
detector 5 is unable to detect is ignored. Then, the output current I is expressed as follows: 

la,^*^1-ABCOS(^(tJ-^(t^*K) W 

mo89i This exoression shows that a signal reproduced from the optical current involves a change of [^(ta) -*(«)) + n | 

r009m'"*if^the vibration point P is at the midpoint of the loop 3. ♦(ta) = ♦(tb) to make the difference zero. In mis case 
SJ^r^onW^S^^aconstartto^u^noc^^^^ 

nILSuced f rom *{ta) - ♦(tb) + « | is smaller than a noise level, it is impossible to detect the signal. To sea^^re thelevel 
S^t^r^uc^ so tiat the signal is detectable. I^ta) - ♦(tb) * « | must sufficiently be large For *"s purp^ 
an^S^Se^^nrt 7 is installed at the midpoint of the toop 3 as shown in Fig. 6. The delay unrt 7 « made of a drum 
Sf^cSc? toer vlo^eSi is dependerSon the properties of the apparatus. The delay unit 7 secures a suflicien. 
?mTd^er^ce -la - tb- soSiatthel^roduc^ 

liSl] lntheen*xxlimentsmentionedabove.thelightsource1 emitsaligWtothespl«er-«^^ 
dSr Scomlrts the oulput of the splitter^upler 2 into an electric signal, which is used to detect a physical change 
o^^^itl^HStotheTp3. Thehght source l.driver 10. photo-detector 5. amplifier 11. ^^-^y^^^^ed m 
a stanal^^)Sr«unrt inlws case, the apparatus of the present invention is provided with an optcal inpu^^^^ 
' forCryi^^St<S sigrar^^^ spl-S^ler 2 and an optical output tem«nal 9 tor receiving an opti«l s.gr« 
f?omTe s^Stter-Supler 2 as shown in Fig. 7. The input and output terminals 8 and 9 are connected to the signal 
processing unit that contains the light source, driver, photo-detector, amplifier, ete. 
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[0092] A concrete example of the apparatus for detecting a signal/vibration based on optical interference according 
to the present invention will be explained. A single-mode optical fiber (SMF) of 10 km in length and 1 .3 nm in wavelength 
is looped, and ends of the loop are connected to an optical coupler The optical coupler is connected to a 1 .3-pm sem- 
iconductor laser and a PID photo-detector, thereby forming the apparatus for detecting a signal/vibration based on opti- 
5 cal interference. 

[0093] The semiconductor laser is connected to a continuous-wave oscillator to continuously osdilate the laser in 
response to a DC signal. The PID photo-detector is connected to an amplifier whose output is observed with an oscil- 
loscope. 

[0094] A 1 0-kHz vibrator is connected to a small speaker, which is connected to a part of the loop. When the vibrator 
10 generates a 1 0-kHz vibration signal, one can observe a con-esponding 1 0-kHz signal on the output of the amplifier vwth- 
out distortion. 

[0095] To determine an optimum structure for the apparatus for detecting a signal/Vibration based on optical interfer- 
ence, nnany tests were carried out. Results of the tests will be explained. 

IS Test 1 

[0096] Rgure 8 shows a basic test system. Two optical fibers 21 and 22 are each 20 km long. Ends of the optical f 3)eis 

21 and 22 are connected to a master unit 23 through optical connectors 24. The other ends of the optical fibers 21 and 

22 are connected to supplemental optical f bers 25 and 26 each of 2 m long. A part of the optical fiber 26 is formed a 
20 bend 27, and a local unit 28 Is attadied thereto. The other ends of the optical fibers 25 and 26 are connected to an opti- 
cal delay unit 29 of 2 km long. 

[00971 The optical fibers are each a single mode fiber (SMF). and the optical connectors are each an FC connector. 
[0098] The master unit 23 incorporates a DFB (distributed feedback) laser diode of 1 .55 (im in wavelength serving as 
the light source 1 of Figs. 3 and 6. a pulse unit (serving as the driver 10) for carrying out a 20-kH2 pulse modulation, a 
25 photodiode sen/ing as the photo-detector 5. a splitter/coupler (2). and an amplifier (1 1 ) for amplifying an electric signal 
provided by the photo-detector 5. The master unit 23 also has a microphone terminal 30 for superposing, on a light 
emitted from the light source 1 . a voice signal provided by a microphone, and an earphone terminal 31 for an earphone 
for convening a signal from the amplifier 1 1 into a voice signal. 

[0099] The local unit 28 has a photcxletector (not shown) for receiving leakage lights from the bend 27. an earphone 
30 terminal 32 for an earphone for converting an electric signal from the photo-detector into a voice signal, and a micro- 
phone terminal 33 for applying vibration to the bend 27 according to a voice signal provided by a microphone. 
[0100] To carry out a test with the anangement of Fig. 8. a signal is applied to the microphone terminal 33 of the local 
unit 28. and the output of the earphone terminal 31 of the master unit 23 is measured by a spectaim analyzer. The input 
signal applied to the local unit 28 is a sine wave of 1 kHz and 40 mV RMS. 
35 [0101] A comparison test is made with a 1.55-^m DFB laser diode serving as the light source 1 and a continuous- 
wave oscillator serving as the driver 10 to make the laser diode continuously emit a light. Other conditions are the same 
as those of the main test. 

[01 02] Test results show that the main test with the laser source 1 emitting a 20-kHz pulse light is superior, in S/N ratio 
by about 30 dB, to the comparison test with the laser source 1 emitting a continuous light. 

Test 2 

[0103] The test 1 shows that the 20-kH2 pulse light is effective as a source light. Accordingly, test 2 errploys the 20- 
kHz pulse light and changes the type of the source light and measures the spectrum waveform of a reproduced signal. 
4S The other arrangements of the test 2 are the same as those of the test 1 . Ttie input signal to the local unit 28 is a 1 -kHz, 
40-mV RMS sine wave. 

[0104] The 1 .55-Mm DFB laser diode found to be effective in the test 1 . a 1 .55-Mm Fabry-Perot laser diode, a 1 .55-|im 
SLD. and a 1 .55-(im band ABE (a broad optical output from an opticaJ amplifier) are used one after another as the light 
source 1. 

so [0105] Results of the tests show that the DFB laser diode of high coherency is optimum. The test results also show 
that the other light sources are applicable depending on using conditions. 

Tests 

55 [0106] This test examines a proper length for the optical delay unit 29 of Fig. 8. The light source 1 is a DFB laser diode 
that provides a 20-kHz pulse light. The length of the delay unit 29 is changed among 1 , 2, 3, and 4 km. The input signal 
to the local unit 28 is a 1 -kHz. 40-mV RMS sine wave. 

[01 07] Test results show that 2 km and uppers are effective for the delay unit 29. 
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[0108] According to the tests 1 to 3. an optimum system for making the master unrt 23 correctly reproduce a voice 
signal applied by the local unit 28 to the optical-fiber loop may employ: 

a DFB laser diode as a light source; 

a pulse light emitted from the DFB laser diode; and 

an optical delay unit of about 2 km long. 

Test 4 

[0109] F.gure9show8atest8ystemenployingnoopticaldelayunit29.Thedifferencebetw 
STi and B from a local unit 28 to a master unit 23 in an optical-fiber loop 35 .s changed ^^"^^^^ 
to S^ne a change in the characteristics of the master unit 23 of reproducing a voice signalapphed by the local unit 



roilOl A result of the test shows that the longer me opDcaipBHiu...o.o..t.«. u.= .«»,«. -••^"~r--^-^ '^^^„^^ 
LionS ItisoTefer^e therefore, that the local unit 28 must be positioned so as to maximize the optical path differ^^ 
SS"?. " t^^^^ZTSlepre^ invention mentioned above is capable of faithfully reproducing vtoraton applied 



M In FiG 9 the same parts as those of Fig. 8 are represented with the same reference marks. 
?01101 Vr;^«XC^ that thelonger the optica path deference, the largerthe amplitude of a^r^jo^^^^^ 
signal. 

^°^^^L.''^^';?^^*T^^;^Trfte a conversation between the optical trans- 

rrci^^Sr^ng to the ei^ic signal. andVeprodudng the voice signal from the vibration at fj"?.^ 
oTnSngTvoice signal into an electric signal at the master unit. ^^^^JS'^'T^ ''^TJ^f^ZT 

at L master Snrt. and reproducing the voice signal from the modulated optical ^Q'^^* ""i, . ..^ 
[01121 The splitter-coupler of any one of the en*odiments of the present invention may be made o^ an optioalfto^ 
SourJer an ^cal wave guide coupler, a half-mirror system, etc. The optical-fiber loop of any one of ^-^J^'^f 
Z be ^^single-mode opti^ fibers or multi-mode optical fbers^ H the latter are empl^ed^ 
JJSt be short and vibration applied tiiereto must be of low frequency. The light source of any one 
Z^bea^^or Iny rther kuch as an LED. If the LED is employed, each optical fiber must be ahort and vibration 
3^ ;feS n^u'be oTlow frequency. Instead of vibration, any oti.er P»^' ^if^^^ 
applied to the optical-fiber loop so that the apparatus of the present invention may detect the physical *a^««°^« S 
S^rrCX phase S in propagated lights. The optical-fberto^ 
physical qS^ntity. To irrprove sensitivity, optical fibers may be arranged in multip^ loops. The 

STartno element such as an electro-optic sensor for sensing an electric field and a magnetic field and a F*vsi«l- 
SS^ s^f ^s^isTg p^^urt to e«^^ convert a physical quantity into a phase shift of P^opasated bgMs^ 
m?i^^ a^m^s fo^identifying a target optical fiber cable among many according to the pr^ent ;nventi^wil 
SftTTSapparatus utilizes the principle of the technique for detecting signal/vitxation based °" °P«^'"*«; 
^.JZ lTr.ZrZ^.r,.*ir.n thmnoh the Qotical fiber loop Set forth above. At a work site in. for example, a manhole. 



Dhvsical quantity. To irrprove sensitivity, optical tioers may oe arrang«u ... n«.uH™ ™,T- T-^"-'hw««»i- 
STartno element such as an electro-optic sensor for sensing an electric field and a magnetic field and a pjvsical- 
converting^^lemems^^^^^ 

^ a^ratiis for identifying a target optical fiber cable among many according to the pr^ent "^a^^*-" ^a 
«J T^Sapparatus utilizes the principle of the technique for detecting signal/vibration based on the optical inter- 
S^ncert tfTetiSS^^ating through the o^^ 

Se rS^iHra te^opSLl fiber cable among many cables laid at ti.e site. The target caWe may be ajatte to b 
Sa^rrin«ved. At thTstart of the work, the target cable to be removed or replaced ,s disconnected from hgM 
ZS^l SS^hring devices equipped in a telephone station or relay station, and the work is successjvely caried 
SSTZTa sJ^ tTcSSie? /SSSy^ ends rtthe target cable are known. However, at each intermediate arte rt 
^ rsdStttolde^r^ar^^Tb^^ 

?3 iie^Swie^er ?01 is^nSed to arbitrary two optical ffoers 105 and 106 « 
103 Aia vSTsite a vibrator 102 successively vibrates cables laid at the sKe one after another. At ttie other end 104 
45 i?Lte^^eiwSfUalfbers105^ 

'°Se ootical transceiver 101 makes lights incident to the optical fibers 105 and 106 so ttiat ttie lights are oppo- 
[0115] The •Ji*^' ft>ers 105 and 106. receives the propagated lights, detects a vibration 
Jg^anX'^Sr^^igh^^^^^ cable vforated by ti,e vftxator 102 « the ti^rget caWe 

so ToT^e^T^nsie!;^; 1^ mainly consists of a light source 111 for emitting a laser light, a splitter^upler 112. 

SSdTi^^^ 

55 anottner. If the cable being vibrated is the target cable 103. the optica! tiansceiver 101 detects it. This will be explained 
Toun ""^^e light source 1 1 1 emrts lights A and B into ti.e optical fibers 105 and 106 so that ttie lights A and B are 
oppositely propagated through the loop of the optical fibers 105 and 106. 
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[01 1 81 The propagated lights A and B interfere with each other at the sptrtter-cotpler 1 1 2. the interference being con- 
stant as long as no vibration is applied by the wbrator 102 to the loop. If the vibrator 102 vibrates the loop, a change 
occurs in the interference. The change is detectable by observing a signal from the photo-detector 113. The photo- 
detector 113 receives the interfering lights and converts them into an electric signal. The waveform of the electric signal 
can be observed on an oscilloscope. The electric signal can lighlplified and converted into sound, wrfiich can be heard 
on a speaker. Also, the electric s\gnai can be analyzed by a spectrum analyzer. 

[01 1 9] The vibrator 1 02 vibrates cables one after another, and the optical transceiver 1 0 1 recognizes when the target 
cable 103 is vibrated according to a change in the interfering lights. 

[01 20] Figure 1 1 shows the details of the optical transceiver 101. Optical connectors 1 1 5A and 1 1 SB are connected 
to two optical fbers contained in a target cable. An isolator 1 16 is a directional optical coupler. The light source 1 1 1 is 
a light emitting diode or a laser diode. The isolator 1 16 transfers a light from the light source 1 1 1 to the splitter-coupler 
112 and blocks any light from the splitter-coupler 112 to the light source 111. A power stabilizer 117 makes the light 
source 1 1 1 emit a pulse light and stabilizes the power of the pulse light A modulator 119 FM-modutates the pulse light 
according to an oscillation frequency of an oscillator 1 18. If required, the light source 1 1 1 may be DC-oscillated. In this 
case, the modulator 1 19 is omitted. 

[0121] The splitter-coupler 112 receives a light from the isolator 1 16. splits the light, and transfers the split lights to 
the optical connectors 1 1SA and 1 1SB. Also, the splitter-coupler 1 12 receives lights from the optical connectors 1 1SA 
and 1 1 SB. couples the lights so that they interfere with each other, and transfers the interfering lights to the photo-detec- 
tor 1 13. The photo-detector 113 converts the interfering lights into an electric signal, which is amplified by an anplifier 

[0122] The output of the amplifier 1 19 is converted into a voice signal by a speaker 120 and an earphone 121 so that 
one may hear sound. The output of the amplifier 1 19 is also supplied to an output terminal 122. which is connected to 
an oscilloscope 123. The oscilloscope 123 displays an waveform of the output of the output terminal 122. 
[0123] If the vibrator 102 (Fig. 10) is dose to the midpoint of the loop of the optical fibers 105 and 106, optical paths 
for lights opposKety travelling from the vibration point toward the optical transceiver 101 will be equal to each other. This 
minimizes a change in the interference betwevi the lights A and B. 

[0124] To solve this problem, an anangement of Rg. 12 of the present invention inserts an optical delay unit 108 in 
place of the optical connector 107 (Rg. 10) between the optical fibers 1 0S and 106. to produce a large difference 
between the optical paths for lights oppositely travelling from the vibration point toward the optical transceiver 101 . This 
improves the correctness of the optical transceiver 101 in identifying a target cattle. 

[01 25] Rgure 1 3 shows a simple optical transceiver 1 0 1 applicable to the apparatuses of Figs. 1 0 and 1 2. The optical 
transceiver 101 has a splitter-coupler 112 that operates like that of Fig. 11, optical connectors 115A and 11SB con- 
nected to ends of optical fibers, an optical input terminal 141, and an optical cutout terminal 142. 
[0126] To identify a target cable, the input terminal 141 is connected to an external light source 144. The light source 
1 44 may be a laser diode or an LED. which is driven by an oscillator 143. The light source 1 44 emits a light into the input 
terminal 141. 

[01 27] The outout terminal 1 42 is connected to an optical oscilloscope 1 45 to directiy display a waveform of interfering 
lights. The oufout terminal 142 may be connected to an O/E converter 146 for converting an optical signal from the out- 
put terminal 142 into an electric signal whose wavefonn is displayed on an oscilloscope 147. 
[01 28] The optica/ transceiver 1 01 is capable of identifying a target cable like those of Figs. 1 0 to 1 2. 
[01 29] In any one of the atxive embodiments, arbitrary two optical fibers to form a loop may be both in a target cable, 
or one in the targiet cable and tiie other in another cable in the same route, or one in the target cable and the other in 
another cable in a different route. 

[01 30] Rgure 1 4 shows an apparatus for identifying a target optical fiber according to still another errtodiment of the 
present invention. This apparatus also utilizes the principle of the technique for detecting signal/vibration based on the 
optical interference of the light propagating through the optical fiber loop. 

[01 31 ] The apparatus identifies a target optical fiber among optical fbers contained in a given cable. If required, the 
identified optical f ber is used to carry out a conversation. 

[01 32] The apparatus consists of an optical fransceiver 201 , which has a light source 21 1 for emitting a laser light a 
splitter-coupler 212. and a photo-detector (photo-detector) 213. 

[0133] If it is required only to identify a target optical fiber, a local unit 203 may be the vibrator 102 of Fig. 10. 
[0134] The optical transceiver 201 is connected to ends of optical fbers 202A and 202B contained in an optical ftoer 
cable 202. One of the optical fibers 202A and 202B is a target optical fiber. The other ends of the optical fibers 202A 
and 202B are connected to each other through an optical connector 204 to form a loop. 

[01 35] Lights A and B are oppositely prc^gated through the loop. If the local unit 203 applies no vbrati'on to ttie loop, 
the lights A and B cause a constant interference. If the local unit 203 applies vibration to ttie loop, a change is caused 
in the interference between the lights A and B, arxf ttie change appears in a signal provided by the optical ti'ansceiver 
201. 
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[0136] The local unit 203 is operated at a work site to vibrate optical fibers contained in the cable 202 one after 
another. At a site where the optical transceiver 201 is installed, a signal from a speaker attached to the opti«l trans- 
ceiver 201 or a waveform on an oscilloscope connected to the optical transceiver 201 is observed to identify the target 
optical fiber. 

[0137] If the local unit 203 is at the midpoint of the loop. i.e.. if optical paths for lights oppositely travelling from the 
local unit 203 toward the optical transceiver 201 are equal to each other, the difference between the optcal patte is 
nearly zero to cause no phase difference between the lights even if vibration is applied to the loop by the local unrt 203. 
In this case no phase change is observed in the interference of the propagated lights, and therefore, it is impwable to 
detect the vibration. To solve this problem, the present invention provides an arrangement of Fig. 15. This embodimert 
employs an optical delay unit 205 in place of the optical connector 204 (Fig. 14) between the optical fibers 202A arxl 
202B. The delay unit 205 is made of an optical fiber coil of. for example. 2 km long that is dependent on ;;eq"irements 
101381 Rgure 16 shows a sinple optical transceiver 201 applicable to the apparatuses of Figs. 14 and 15. Optica 
connectors 21 5A and 215B are connected to optical f bers one of which is a target optical fber. An optical input terrnina^ 
216 is connected to a light source 221 such as a laser diode. An oscillator 220 modulates a light emitted by the light 
source 221 . and the modulated light is transfen-ed to the input terminal 216. A splitter-coupler 212 provides interfering 
lights to an optical output terminal 217. ^ ■ • 

101391 The splitter-coupler 212 splits a light from the input terminal 216 and supplies the split lights to the optical con- 
nectors 215A and 215B. respectively. The splitter-coupler 212 couples lights from the optical connectors 215A and 
215B so that they interfere with each other and supplies the interfering light8totheoutputterminal2l7.T^^ 
nectors 215A and 215B. irput terminal 216. output terminal 217. and splitter-coupler 212 are formed in one body. 
[0140] The output terrrtinal 21 7 is connected to an optical oscilloscope 222 that directly displays the waveform of inter- 
fering lights provided by the outout terminal 21 7. The output temtinal 21 7 may be "Tf^^^^^ 
that converts the interfering lights from the output terminal 217 into an electnc signal whose waveform is displayed on 

101^'" C^lnafens of the apparatus for identifying a target optical fiber and an optical fiber communication wra- 
tus according to the present invention will be explained. Each combination is based on one of the embodimente ofRgs. 
14 and 15. This apparatus also utilizes the principle of the technique tor detecting signal/vibration based on the optical 
interference of the light propagating through the optical fiber loop. . . ^ ^ -^..-mk^^^ o H.r««» ««M«ii 

[0142] Figure 1 7 shows an optical transceiver 201 and Fig. 1 8 shows a local unit 203. for identifying a target optica^ 
fiber and carrying out a conversation through the target optical fber. The local unit 203 fomis a bend 300 at a part of 
an arbitrary optical fiber among many contained in a cable 202. The local unit 203 has a photo-detector 301 for recav- 
ing leakage lights from the bend 300. and a vibrator 302 for vftjrating the optical fiber. 

[01431 The details of the optical transceiver 201 will be explained. Optical connectors 215A and 215B are connected 
to two optical fibers 202A and 202B one of which is a target optical fber. The other ends of the optical fibers 202A and 
202B are connected to each other totorma loop. An isolator 216 transfers a light from a light source 21 1 to a splitter- 
coupler 212 and blocks any light from the splitter-coupler 212 to the light source 211. The light source 21 Us a laser 
diode and is driven by a power stabilizer 217. to emit a pulse light of constant power at predetermined intervals. The 
DOwer stabilizer 21 7 may be a pulse FM circuit of simple structure. ... 
5l441 A modulator 21 9 FM-modulates a pulse signal provided by the power stabilizer 21 7 according to a voice signal 

that is provided through a microphone 220 and an amplifier 221. 

[014S1 A photo-detector (photo-detector) 213 is a photodiode. The splitter-coupler 212 couples lights oppositely prop- 
agated through the optical-fber loop so that the lights interfere with each other. The photo-detector 213 ~">;ertettie 
ir^erfering lights into an electric signal. An amplifier 222 amplifies the electric signal. A demodulator ^3 AM<Jemodu- 
lates the anplified signal and provides a voice-band signal, which is processed by an earphone 224 into a voice. 
Instead of the earphone 224. a speaker 225 may reproduce the voioe . ;h «i if,.. i««,i ..nit pn-^ 

10146] Figure 19 shows a concrete example of the focal unit 203 of Rg. 18. On the receiver side of the local unit 203^ 
a bender 303 forms a bend 300 on the optical fber 202A. A photo-detector (photcHletector) 301 recaves 'eakage hghts 
?rom the bend 300 and converts them into an electric signal. An amplifier 304 amplifies the dectnc signa^. /^demodu- 
lator 305 is an Ff^ demodulator which FM-demodulates the electric signal into a voice signal originated by ihe optical 
transceiver 20 1 . The voice signal is amplified by an amplifier 306. The amplified signal is converted into voice by an ear- 

Kn ^ The l^l^it 203°has a vibrator 302. which may be an audfo speaker. Vibratton on a cone sheet of the speaker 
directly vibrates the optical fber 202A. Accordingly, the transmitter side of the local unit 203 only includes a microphone 
311 and a driver 312. 

[0148] A method of identifying a target optical fber will be explained. c^„«,«,^«Mi 
[01491 To identify a target optical fber. any one of the arrangements of Rgs. 14 and 15 '^^T^^-^^^, ^' 
ca\ fbers 202A and 202B. one of which is the target optical fiber, are connected to each «'«*'«^ ^^/f"- 
nector 204 or the optical delay unit 205. to form a loop. The local unit 203 is installed at a work site, and the vibrator 302 
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is attached to one of the optical fibers contained in the cable 202. The bender 303 forms a bend 300 on the optical f ber. 
10150] The optical connectors 215A and 215B of the optical transceiver 201 are connected to the optical fibers 202A 
and 202B. 

[0151] In the optical transceiver 201, the power stabilizer 21 7 drives the light source 211 to emit a pulse laser light of 
5 constant power. The splitter-coupler 212 splits the light and makes the split lights incident to the optical ftoers 202A and 
202B. respectively, so that the split lights are propagated clockwise and counterdockwise. respectively, through the 
loop of the optical fibers 202A and 202B. At this time, the rncrophone 31 1 of the local unit 203 provides a sound signal, 
e.g. , a 1 -kHz sine wave. According to the sound signal, the vibrator 302 vbrates the optical fibers contained in the cable 
202 one after another. 

10 [01 52] In the optical transceiver 201 . the splitter-coupler 21 2 couples the oppositely propagated lights so that they 
interfere with each other. The photo-detector 213 converts the interfering lights into an electric signal, and the amplifier 
222 amplifies the electric signal. The amplified signal is transferred to the demodulator 223. 

[01 53] The 1 -kHz vibration signal applied by the vibrator 302 to the optical-f ber loop is audible. Therefore, if the elec- 
tric signal provided by the photo<ietector 213 includes the vitiation sign^. the demodulator 223 reproduces the audible 
IS vibration signal so that one can hear the sound through the earphone 224 or speaker 225 and determine whether or 
not the optical fber now being vbrated by the vibrator 302 of the local unit 203 is the target optical fiber. 
[01 54] It is effective to carry out the works of Wentifying the target optical fiber on the conditions of the test 3 set Ibrth 
above. 

[0155] Once the target aptk»l fiber. i.e.. one of the optical fibers 202A and 202B is identified, the optical-fiber loop 
20 that contains the target optical fber is used to carry out a conversation between the optical transceiver 201 and the local 
unit 203. This will be explained. 

[01 56] The optical transceiver 201 and local unit 203 employ the microphones 220 and 3 1 1 for sending voice and the 
earphones 224 and 307 or the speakers 225 and 308 for reproducing the voice. 

2S < Voice transmission from optical transceiver 201 to local unit 203 } 

[0157] One at the optical transceiver 201 produces a voice to the microphone 220. The microphone 220 provides a 
corresponding voice signal arxJ the amplifier 221 amplifies the voice signal. According to the amplified voice signaJ. the 
modulator 21 9 FM-modulates a pulse drive signal of the power stabilizer 217. According to the FM-modulated drive sig- 

30 nal, the light source 21 1 emits a pulse light, which is split by the splitter-coupler 212. The split lights are made incident 
to the optical f bers 202A and 202B that form a loop. Although the FM-modulated optical pulse signal returns to the opti- 
cal transceiver 201 through the loop, the voice entered to the microphone 220 is never reproduced by the optical trans- 
ceiver 201 because the optical transceiver 201 incorporates no demodulator for FM-modulated signals. 
[0158] The local unit 203 receives the split lights that are based on the FM-modutated optical pulse signal. The lights 

35 leak from the bend 300 and are received by the photo-detector 301 . which converts them into an electric signal. The 
electric signal is amplified by the amplifier 304 and is supplied to the demodulator 305. 

[01 59] The electric signal provided by the photo-detector 30 1 is based on the FM-modulated optical pulse signal orig- 
inated by the optical transceiver 201. Accordingly, the demodulator 305 F^-demodulates the electric signal to repro- 
duce the original votee signal. The voice signal is amplified by the amplifia^ 306 and drives the earphone 307 or the 
40 speaker 308 that emits the original voice sent from the optical transceiver 201. 

< Voice transmission from local unit 203 to optical transceiver 201 ) 

[0160] The optical transceiver 201 always emits usual optical pulse signals that are not FM-modulated to the optical 
4S fibers 202A and 202B. Under this state, one at the local unit 203 produces voice to the micrxjphone 31 1 . 

[0161] The voice is converted by the microphone 31 1 into an electrk: signal, which is si4)plied to the driver 312. 
According to the electric signal, the driver 312 drives the vibrator 302. Namely, vibration con^esponding to the voice is 
applied to the optical fber 202A. 

[0162] The vibration changes a phase difference between the lights oppositely propagated through the optical-fiber 
50 loop. The propagated lights are coupled together by the splitter-coupier 212 of the optical transceiver 201 , to make the 

lights interfere with each other. The interfering ligfrts are converted by the photo-detector 213 into an electric signal. 

This electric signal shows a change con^esponding to the vibration applied by the local unit 203. 

[0163] The electric signal from the photo-detector 213 is amplified by the amplifier 222. is AM-demodulated by the 

demodulator 223. and is played by the eaiphone 224 or the speaker 225 as the voice entered by the local unit 203. 
ss [01 64] In this way, each apparatus for identifying a target optical fiber of the present invention is capable of providing 

a communication function without cutting the optical fibers. 

[0165] Instead of the optical delay unit 205 (Fig. 15). an optical delay unit 230 may be arranged in an optical path 
between the splitter-ooupler 212 and the optical connector 215A. as indicated with a dotted line in Fig. 17. 
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^ ^" . rr H, ro^orttJon side of the local Unit 203 additionally has a call signal detector 321 and a buzzer 322. 
generator 323 k suppled to o~ S« the slonal used to id»«f, e target optical fiber. The detector 325 
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ktargrtoptlcel fiber to be ueed to carry outa««««*o^^ 270 Hz) to AM 

la manipulated to make the signal S'^t!'' signal drhres «» light 

•^,^r^^M<^uni.203. leakage r^htsfromabe^JOOo,.,^^^ 
oppositely propagatKllhrxwgh the k»poJI[«op«^^«2^^ 
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U«cal-IS«r loop without cutting the loop « «2Sffc^u^^imrS call switch 232 is man4»hated 

,0,75, A call tjom the call signal is an^r,«. by 

i to make the call signal generator 231 generate a caii »9"«^ ^ ftui - oulse drive signal provided by 

an anp.»l« 22, . A-^^'-JJ^J? "^f ™= «9ht 

, !Sf4?'?n,helo<^unit203.iea.<aoelights.rom*.ben^ 

{cr 301 . which converts them into an el^o «g.J-^^ eto*c^^ 
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S^T?S^-JeTrS:::.^n»=aniedou.between.he^»^ 
iS^iber loop without cu«inB the loop as arplalned with rrterence to Rgs. ,7 and ,9. 
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[0178] The local unit 203 may have an optical power nieter so that the local unit 203 can provide all functions needed 
for optical work, such as carrying out a conversation, identifying a target optical f ber, and measuring optical power. This 
is convenient because equipment to be can-ied among work sites is only the local unit. 

[0179] Although the embodiments install the local unit on one of the two optical fibers that form a loop, the local unit 
5 may be installed on both the two optical fbers. The latter installation is effective when two optical fibers are taped up 
and are unable to separate from each other so that they must simultaneously be vibrated and bent. 
[0180] Two optical fbers that form a loop according to the present invention are each preferably a single mode fiber 
(SMF). Multimode optical fibers are employable if they are short or if detectors of good S/N ratio are employed. A light 
source for the present invention is preferat>ly a laser diode. If muttimode optical fibers are employed, the light source 
10 may be an LED. A DFB laser of high interference is preferred as a light source for the present invention when long opti- 
cal fbers are employed or when detectors of poor S/N ratio are employed. 

[01 81 ] Two optical fbers to form a loop may be contained in the same cable, or in different cables, or in cables laid in 
different routes. 

[0182] Instead of using the connector 1 07 to connect ends of two optical fbers to each other, the ends may be fused 
15 together or may be connected to each other by V-groove connection. Instead of using a vibrator to vibrate a part of a 
loop of optical fibers, one may apply a physical change such as a shock to the loop by hitting a part of the loop or a part 
of a cable that contains a part of the kxip. This may cause a phase shift between lights oppositely propagated through 
the loop so that one at the optical transceiver may hear the hitting sound from a speaker or observe a corresponding 
waveform on an oscilloscope, to identify a target optical fber cable or a target optical fber. 

20 

aalms 

1 . An apparatus for detecting a signal based on optical interference comprising: 

25 a light source: 

a photo-detector; 

a loop made of a plurality of optical fbers and having open ends; and 
a splitter-coupler connected to the open ends of the loop, 

wherein the light source emits a light which is split by the splitter -coupler, the split lights are made incident to 
30 the open ends of the loop, respectively so that the split lights are oppositely propagated through the loop, the 

oppositely propagated lights are coupled by the splitter-coupler so that they interfere with each other, and the 
interfering lights are converted by the photo-detector into a signal that indicates the intensity of the interfering 
lights and is responsive to a change in the phase difference between the lights, 
whereby the signal from the photo-detectw shows a physical change applied to the loop. 

35 

2. An apparatus for detecting a signal based on optical interference according to claim 1. vibration is applied to the 
loop as the physical change. 

3. A method of detecting a signal based on optical interference, comprising the steps of: 

40 

emitting a light from a light source: 
splitting the light by a splitter-coupler: 

making the split lights incident to open ends of a loop of optical fbers, respectively, so that the split lights are 
oppositely propagated thrcMjgh the loop: 
45 coupling the oppositely propagated lights by the splitter-coupler so that they interfere with each other: 

converting the interfering lights by a photo-detector into a signal that indicates the intensity of the interfering 
ligtns and is responsive to a change in the phase difference between the lights; and 
detecting a physical change applied to tiie loop acoorcfing to the signal from the photo-detector. 

so 4. A method of detecting a signal based on optical interference according to daim 3. vibration is applied to the loop 
as the physical change. 

5. A method of detecting a signal based on optical interference according to daim 3. an opfical delay unit is inserted 
to a portion of the loop. 

ss 

6. A method of identifying a target optical fber cable among many, comprising the st^s of: 

connecting each end of a plurality of optical fbers to each other to form a loop having two open erxte; 
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connecting an optical transceiver to the open ends of the loop: 
emitting a light from a light source of the optical transceiver: 

splitting the light by a splitter-coupler of the optica) transceiver; .. .. ^ , 

making the split lights incident to the open ends of the loop, respectively, so that the split lights are oppositely 
propagated through tiie loop; 

coupling the oppositely propagated lights so tiiat they interfere with each other; 

converting the interfering lights by a photo^etector of the optical transceiver into an Jf^ '•2'- 
Gates the intensity of the interfering lights and is responsive to a change in the phase difference between the 

dSSinJin the electric signal a physical change applied to the target optical fiber cable that contains at least 
a part of the loop, to identify the target optical fiber cable. 

7. A method of identifying a target optical fiber cable among many according to daim 6. vibration is applied to the tar- 
get optical cable as the physical change. 

8. A method of identifying a target optical fber cable among many according to daim 6. an optica! delay unit is 
inserted to a portion of the loop. 

9. A method of Identifying a target optical fiber among many, comprising the steps of: 

connecting each end of a plurality of optical fibers induding the target optical fber to eadi other to form a loop 
having two open ends; 

connecting an optical tieinsceiver to the open ends of the loop; 
emitting a light from a light source of the optical transceiver; 

splitting the light by a splitter-coupler of tiie optica! transceiver; 

Sng the split lights incident to the open ends of the loop, respectively, so that the split lights are opposrtely 
propagated through the loop; 

coupling the oppositely propagated lights so ttiat they interfere with each other; 

Verting the interfering lights by a photo^etector of the optical transceiver into an 

cates the intensity of the interfering lights and is responsive to a change in the phase difference between the 

dSSin^in the electric signal a physical diange applied to the loop to identify the target optical fber. 

10. A method of identifying a target optical fber among many according to daim 9. vibration is applied to the loop as 
the physical change. 

11. A method of identifying a target optical fber among many according to daim 9. an optical delay unit is inserted to 
a portion of the loop. 

12. An optical fiber communication method comprising the steps of: 

connecting each end of a plurality of optical fbers to each other through an optical connector to form 
having two open ends; 

connecting an optical tiransceiver to the open ends of the loop; ^ ^ 

attaching a local unit to the loop between the optical transceiver and the optical connector; and 
carrying out optical-transceiver steps and tocal-unit steps, wherein the optical-transceiver steps indude: 
emitting a light from a light source; 

converting a voice into an electric signal by a first microphone; 

modulating the light from the light source by a driver according to the electric signal from the first microphone, 
splitting the light from the light source by a splitter-coupler; *u-*«.»i;^*-o »«««v«t«iwornr>. 

nraWng the split lights incident to the open ends of the loop, respectively, so that the fights are oppositely prop- 

roSi^rtti^e ^S^itdJ^propagated lights by the splitter-coupler so that ttney intafere wHh eadi other; 

converting the interfering lights into an electric signal by a first photo^etector; and 

demodulating the electric signal into a voice signal by a first voice unrt. and the local-unit steps indude. 

bending the loop; ^ ^ ^ 

receiving leakage lights from ttie bend by a second photo-detector; 

converting the leakage lights by tiie second photo<letector into an electric signal; 
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demodulating the electric signal into a voice signal by a second voice unit; 
converting a voice into an electric signal by a second microphone; and 

vibrating the loop by a vibrator according to the electric signal from the second microphone, thereby establish- 
ing a conversation between the optical transceiver and the local unit. 

An optical fiber communication method according to claim 12. characterized by using FM-modulation to the light 
from the light source according to the electric signal from the first microphone: AM-modulation to the signal from 
the first photo-detector into the voice signal in the optical transceiver: and FM-derrxxJulation to the signal from the 
second photo-detector into the voice signal in the local unit. 
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